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Introduction
Machine vision has many important applications in digital images captured in low contrast and low illumination conditions. These images often encounter serious problems in recognition systems. How to enhance the image quality is a vital factor in image recognition. The image enhancement always consists of two phases: illumination enhancement that is to enhance the illumination of images captured in dark conditions or called intensity contrast enhancement; and contrast enhancement that is to enhance the contrast such as edge since it plays a fundamental role in image understanding. In some senses, contrast enhancement indicates the edge enhancement or one good way to enhance the contrast is to enhance the edges [1] .
For years, a large number of methods for image enhancement have been developed.
Histogram equalization [2] is one of the most well-known methods for enhancement in images with poor intensity distribution and some of 
Considering Eq. (1), the scaled surface area also can be written as
and scaled area element is
Before discussing the volume of embedded surfaces, we will introduce the line element in advance. Simply, we can write the line element as
For more details, please refer to [13] . An illustration of embedded surface and the line element is shown in Fig. 1 . Generally, the volume V in 3D space G in calculus can be defined as
However, we define the volume in a different way and give an approximation for numeric implementation in this study. If we let the volume under an area element be dv and call it as area volume element, the volume under the surface over region R can be computed as (16) It is also can be in form Here, we proposed EOR as the measure for edge detection. We first apply an edge detector using same parameter settings on both original image I1 and enhanced image I3, and can get two edge images.
Then, we binarize the two edge images where value 1 is given to edge pixels and 0 is given to other pixels to get E1 and E3 as the edge maps. Finally, the EOR can be derived from the following equation: 
